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 Introduction
 Current Flame Retardants






 Halogens have environmental impacts
 Bioaccumulation
 Toxic Gases and Smoke
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 Polyurethanes
 Melamine Cyanurate with aluminum phosphinate in films
 Dimethyl propane phosphonate
 Boron
 Boric Acid
Chen, M.; Shao, Z.; Wang X.; Chen L.; Wang Y.; Halogen-Free Flame-Retardant Flexibly Polyurethane Foam with a Novel Nitrogen-Phosphorous Flame Retardant, Industrial & Engineering Chemistry Research 
[Online] 2012, 51, 9769.
Clariant. file:///C:/Users/Austin/Desktop/K2013_Exolit_for_Thermoplastic_Elastomers%20(1).pdf (Accessed March 20th, 2017)
Ullah, S.; Ahmad, F.; Yusoff P.; Effect of Boric Acid and Melamine on the Intumescent Fire-Retardant Coating Composition for the Fire Protection of Structural Steel Substrates, J. Applied Polymer Science 
[Online], 2012, 128, 2983.
TMAD
TBAD
Ghaida, F.; Laila, Z.; Ibrahim, G.; Naoufal, D.; Mehdi, A.; New triethoxysilylated 10-vertex closo decaborate clusters. Synthesis and controlled immobilization into mesoporous silica. Dalton Transactions [Online], 
2014, 43, 13087.
• Polyurethane was obtained from Etco Specialty Products
• Base Samples of 10 wt% and 20 wt% were used for TBAD, TMAD, and Boric Acid
• Design of Experiment used as well
• Varying Weight % Levels of 5%, 8.75%, and 12.5%
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 New non-halogenated materials were synthesized in TMAD and 
TBAD
 5% Decaborate and 5% TPPO Weight blend is best for TMAD and 
TBAD
 Heat release rate and peak heat release rate were reduced
 Significant Charring was observed
 Future work

